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£ 1 

5) = E a o >^ 2)^., -ij^fc, Pl-Ola^E^ Aj.g. E].Aj 

it) <j]A] 

/I IrSr-H 

**1SM 5a4(<»flS <U-g--¥-^l--if-Sl ^7fl ^-.S. Afl 05- 183380). 

SIS.* Cfl« HHtT *?£r g£r "1-4 ^"8: 7>^H #*H-8- ^SHH cfl« -f-^^ElS. 

-¥-^^> ^ ^7fl ^g-JI 7fl05- 183380^1 °J 3 ^(inductance) ^-g-°l *1 « # ^Q?] 5Efe 

^17)<H1 ^15. ^#S}ir 3°1 7l7fl5lo1 5>*JI, o)^ 5J E-] JS^o] rfl ^ ^| ffl-cfll- 7>^7fl *Vrf. 



a*. ^ -¥"^ A > ^"*1 *7fl ^iL Afli0-93382°fl^ <il^€^7> A>c}el^ s\S.^ a^s)- ^3 #*HH ^ 

^-7>£)fe ^2i7} 7]^S\0] Sit^-. £ 1 8 ^- 0}^ ^2flo} 7l^H 7 |7)1^ ^ g_T£s\. ^ ^jfi) £] 

S fit ^ i^s* ^ #*1(501)<HH, 3)«°J- ^7l-i-(Sl 5 S2)4 ^7ll-(Pi - P3)o) 

Ais. A>cfe^^ s)s.# ^*M=1-. <^7l<H]Ai > «y^€^(L)7> ^^17|-1-(P1 - P3) 4 *131 A>olo)l 



^ofl, ^-a]a> -S.^ ^ 7 fl ^iL ^104-65909^1^ ^ iL^4 i7l-7> §>tg: ^e]cH) Sj^H ^fl^l^l (package) 
S}- ^^51 ^-2:7> 7l7fl^cl-. #£fl<Hlfe, <&Aj ^^3). Jg^ i7}7} ^^-^ 3|1 ?1 *H1 *1 , 3fl ?1 ^1 ^^3l- ^ 1 
Ei iAV^ ^-^(bonding) Bfl^il-°fl Si^. #2fl 7l #<^1 ^l^fl^o) e}-^ 

4 ^El ^Ife *>%1= ^5l« 371 7> fHfTll %^ ^ S)cf. £ 19^ o)el«}- i5}i$ ^Ell- A>-g-g]-^ ^-g-^ 

^ ii7>°l 3fl 71^1 Si 7)1 £Al§)-Cf. 

^ ^E^ ^-x) (601)^1^, ^ 5^3)- 3gEl ^(603)^ all 71^1 (602) ^-8"€^-. $1?]*] (602)^ «H°li 

iL^ (602a), (602b) ^ ^ (cap; 602c) % i^t^. 



Mflo)^ iL^(602aH*l, db7K603)°11 ^7p^£ ^Sl sfl^-i-l- c)-o]( die ) ^ 

2]--¥-(602d)7l- ^^^cf. Ej-Aj S ^5). dt7,>(603)fe ^^i 7) (603a) * ^31, =LB\JL ^ i^^- ^7.}m. ^ 
x3.^%°} 7)^-(603a)Sl §f^<H) ^^€4. 7l#(603a)Sl ^^ofl ^^1^ ^^1-^- ^Hl"(b U mps; 6 
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04)* #*W 4°1 ^-¥-(602(1) °1H €^ JflE.^ #7)3 o.S ^ X«J* «El ^4(603)^ fl£*(6 

04) °fl 3*11 4°1 -¥-*H?-(602d)o1| 71^1^ o.S 



°lel« ^3. ^. #3 71^2] 4^ ^44 ^ ix}f 4^*Kr ^»°1 ^£t«l! sl«B Jfl?l*H S£ 

* -g-^Hf ^^l^fe ^ «fl^°l €-8-5>?l ^0.5.5., 3.7l7> 4£" 4^ i^S)- ^17> <T 

<ti£ -¥-^^> ^-*1 ^fl ^105- 183380 5 ^110-93382^1 7H€ 3**1^, t! 3 E di7} A>4el ^ fls* 4fe 4^ 
3.&m-, *h$= *leH 3*fl *B 71*13*3 ^ 5.3 J* 13 #*l(601)°lHfe, ^ 1^3*1 »7l nflS-ofl, 

£ig ufl^oii 2)*v ^^-0] s.44 ^Ei ^1(601)^ -¥-71-* <t sm. 4°1 **HM 3 

J=L 4=-i-§- a^a]?)^ 4==-4 4<4 ^44 34 01 el A344 s^4*Rr 4^44 4 o]&|4 44 a|7H} si 

*1I e ^1^€^7> s>£-4 4 &4. 

^as.. n-g- -»mj>m- **i ^104-65909^1 71^51^ ^ ^44 4^ oi^^^^ ^ 7 h 



"a^r-^^l^ ^ #J£ *fl04- 659093:^ <?13/#3 ^ W# ^3 3*1 *>°13 

^ ^^-»* -¥-7>^, oj^/^^ olSjiai ^^-Ol sq« ±7,}^-^ A>-g.^l S>J1 ^ oleiSV AJ^^ 

4, ^9 a^^l- ^E-l Sl^^l^l <a^/*^ 1 &^«ll c, >'?]: ^Vfe 5Hr ^ S^sl- ^E^lfe ^i^^i- 

/♦^ ^li ^1-1:4 o)e^ 3||44 Ml^l ^4 cj7V AVcj^A^ o j3 ,ci>, -g.3dj3.44 



S«r, -¥-4J^l- ^-*1 ^711 ^-S. ^104- 65909^1 Ai, <y^^^ a^«.s.o. 4^ «-4«.ofl ^A^^nj. ne!4, o}^ ^ 
soflAi, Hfl4 -s- 4Aj ^^4 ^4^ 0J.4 7l 4o} 40] «-4« Ai-oi^i 4471 ^^-oi ^^sl^, 4 
Ajo] 444cf. cl-°l -¥-^<Hl °jEll!i ^^5>7l fl*H, ^=-1:21 ^^14^1: s^4°l ^ i^s)- 

^El i*l-i4 3fl7l^li- jl^4^i ^7l^o £ ^^4^ 3°1 ^-S-^. ^ai^, 'SH-i-si fl^lfil- ^7} #§-4 ^7^ ^ 
44 7l7il3 ^-^3* mv^a] ^4^ 4u|7l nfl^-ofl, EjAj £ ^4 iA E ^o) 4^01 4444. 



4'|5l 4a|4 <;j 

4 4^^1 4^4 ^211 71*4 ^^fi, ^2lJI AV4&I^ 31^» ^ ^ a^^l- 3|Ei 4^7} 4* ^ 

4°11 sl«H 3fl?l*Hl ^-8-51^1, -^-4t!- 4A3.fi- ^4 4a^ ^^4 ^e.^ ^^-4^ 5J014. 01^4^0. ^^.y. 
'g-^^i- ^/SEfe 3)14 ^-^1711-ofl 47>£1ji, €^ a^^- ^^1 i7> aj-o^ 4^-4 Hfl7l*Hl ^4 o]^4^Al-OlSl 
4a>71 4^1 si^fl 13 ^si x-i4 7 > Tlsi ^4*1 8>fe4. ^B-i-21 ^1^14 "r^l 



^^^1 if4J 44011 43^, 4a^ ^^4 4^ oj-^ 7l 4 * 0J.4 7l 4 4^ ^Aj£, fe 4401 4og 44 

^ S^s)- ^7>i-S- 5.4«>^. 4=^21 49J 444 4Aj j£^4 i7ltf A>4ei si^oflA^ ^-4714 a}^ 

^- ^7l» ^^slfe a^sl- ^eI 4i7>; ^ 4^ X^al- ^7V» ^ ?M « i^cf. ©1 

e-lt!: ^ a 44 jg^ 4A]oi]Ai i 4a^ ^^4 qb] ±t.\^ 44 ^^ofl 214^ 4^ -f-*H ^-^sl 0 ! 3fl?l 

*H ^-8-^1^. °le1^ ^ a^^l- 4^1^ Bfl^l^l^ll ^A^slJi aJ^4 ^7l * ?-^l7l 4 *>q-^ 

^4sl^ 4oia5_i^^ 4^.01 o]oi^^ a^44 c-i 3.44^1-. 
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°cMH 4-^-3, ■§■-§- **H ^ ^4 ^3 a] ji 44 5 *|a] 44 

^ 444 ^S)^ a*4 2))H.« J5L«"4fe 4°1 -^4^ $ ^ a^JE 444 ^71^ AS 

^ £44 IeI #4 21^4 aijl4 34 ais # 444 4=^2) s]^- #4-i-g- 3L444. 

^ H;^2l ^l*>aj<?l 44-0)) 4 = 4, a 0 V^^ D>o]HS^S ^ *)14 ^47|2l AlJ: 444 ^44 a!^ 5fl = 4, 

44 X44 ign] Aj-4 2142) 4J1 45.4 3^4 ^ 4^43 aVoh ^444. 

4 4^4 4-g- 4434 44°)] 4=4, 4*4 nj-ole^^E^ Aj S i=. tf£f|. -f-zr>cxj ajolH 442) ^4 ^^]7) 
21 ^*1 444 3#4tt 4^ sfl^4, sfl^A) 2)42) 34 74^4 ^45}^ 2}4 4^421 ^44 

4 4^ 4# 440)) tt|-5<3, £ ^-tgofl EjA^ ^^3}. jge) 4*)^ 27fl ^ ^5-7] ^.^ 7)1 .^. 

^444. 44 i44 ^E^ Aj-^oflAi, ^44 44"I-£r 44 7 )4°11 ^4°..£. 34SU, 

ZLelJl n>ol3.S.^E^ 4^ ^4 ^-^711-01 Jf-g-t: ^ Bfl^H ^A^fe £ = A>o)o)l 

^444. 

4 ^t^chi 14= 4-g. s-^^v <y=^.ofl 434 4 4^ofl 4 = Ej-Aj ^4 ^ 4^ 27 i)o) ^§14 ^7)44 

^444. °lal4 44 X44 4*HH, ^14 ^711-2] 3*1 44#4 3)171^1^ £^ 

4 ^4 4^ afl^S. X\]2iSl JL, ZLS]SL 4°l3..3.A;e^ 4Sfe 3fl:!=4 2)4 4^ 4o)2) ^Aj^d-. 



^ ^21 cl-# ^ltVAlo) oj:^) 14 = ^ ^. ^-tgo,! ^ ^ i'Sal- ^^1 aj-aI^ ^oi£ 37flsl ig^^. ^711- 35 °J- 
€ 71^1 ^-^SjJI ^<>1£ 27fl2l «g^<y- ^.^1711-21 ^Al c>7>l-o) 3^51^ Al^- i^*Vnl-. olsis}. S Tg 

2)- ^El Aj^HAl, °}ol3SAE^ ol ^ 27fl2l ^^oj. ^^s-o] cj-7>s-3!l ^#Slfe ^i^- ^ "J Q = 

A^^slfe 2i^f ^ a}o]3] 735.6]} ^^5)3., nejji ai^^ 2 7ll2i *gi<y- ^-^711- oi^ »g^oj- ^^7)^ -y- 

^ 71^21 2}Ol£ 27H21 ^^1711-4 #7}2\CL5. ?£<£5)lL, ZLE)jl A^ 7 1 alols. 2 7fl2) ^1^^^711-4^^ 

Aj-7i ^714^ s]» ^ oisi^ s)« ^7H^ S 34^4. 



^-^4 c-l ^aj-oii 4=^, ^- t'g^ 4^- "S-Aj ^-^|^ aiol£ 37fl2l ^^oj- ^■^l7ll-l r i^-tb 

4. ^ i'Ss). ^E^ aJ-^chit.^ 4^21 ^ Sfl^-i:^ ^^21 ^-^171-i- ^oflx^ aI^^ 2 7fl2l ^^oj. ^-^ 7 |s. 

21 ^Al ^-Al-1-4 ^^El^ ^ 5)1=1- i^-Sl-Jl, ZlElJl A 0 > 7 1 D >Ola S ^E^ ^V 7 l ^-Jf. 3)]H21- A} 

71 ^1^" 3)1 = 71- 3#si^ 21-f- a>oioi ;gsofl4 ^^SlJl, nalji Z\o]$. 2 7fl2) i£ig2l ^-Al7lS. o!2)2l ^ 

«9i ^?l7l^ ^^21 a}^ 3fl = l-^- i^l^ cfol ^-aV^.oHA-1, Aiol= 27 )1 21 ^-y- ^-Al7lt-4 #7)*\o_g_*<£s\JL, 
27fl2) ^^OV ^-^1711-4 ^^2)fe 2l)7lAl^ SI «. o]S]2] ^ 7 1^ AS ^^^4. 



^"^21 C-l 7l}*Vx*°} «Jf^-6|| a}-^ 40135.^51^ ^15.^ 4°1 ^^HM ^Al7> o)-\i ^AHlAi 3fl7lxl ifl 

^1 

t^2l C-l JH^V o^oJI ol-eia i 31171*1^ Epg ^^4 ^Ei iAl.7> ^Aj-sl^ ^o}^ fiH; «ll c-l i 

S A ^sl^ «- A o v ^ ^^^1 ^-421^ A o v ^ sflil)Ai7l^ ?,| -?-7D;-i- i^-*!-4. ^7H1A^_ vyo)^^^ 
21 ^piL * 7l7l ^-7)1 AfoHl Hfl^^4. 

t^°ll 4€- 4€- ^Aj-CH) 45^, A Q V^«). S)l7l4^ f+A^ ± ^ 7} ^Aj-5] fe ^ ITflol^ ^-71); * 

^ V 7l ^| lTflol^ « 7flofl Aj^ fe AJ. 7 | E}Aj £ ^2|- ^Ei ^A>^- #^4^ 7fl 27flol^ <H7H)7-l i D> 

°l3Sill AjS.21 7fl l^floli 7)1 Lfloll ^Aj^4 
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^7lAi, - nJ.ol^s.^E^o| ^ « «... o)^- ofola^E^ ^s_o] 4*)1 zlo}2) 44£ 5Q o /o Wr i44\H4. 

4. 440)1 4-=. 4# zl^® 44H 14 = ^, 4* e £44 14 ^43 4t^4°1H3 4 s 44 31 =f 44£ 44 
4 3*1 44fe, 4#44°114 44 4ii 4^4 4^3^ 44 44 ^ 443 34 444 f^l4 44£ 443 3*1 
444 4^r3^r 34 444 444, 44 £44 14 ^43 44 4^01 ^<y-g- ^-34:ii, zi4 44 444 4^4 
4 44 4°11 ^4 90° 3]3=l£^ U H 444. 

a. ^ofl 4^ f-4 4*1^ 4 fj-^ofl 4-§. ^ €4 4*1« 44 2i*fl 44444. 

£44 -444 ')■■ l tJ 

£ i4r 4- 143 *fl il*144°ll 4€- <44 £44 ^e-i 4^121 7114=44 44£; 

£ 2fe 4- 143 *il H44eiH 4€- 44 £44 ^4 4*H1 443^ 44 £44 4^ ^» £44 4 

451; 

£ 34 4 143 ^1 1^44<MH 4€- 44 ^4sl ^t^h h)1c>i^ «i 4£ofl 4^ 4^ sflj^l-g- it 

4fe 4<>1 4444 £444 71144 4 44£; 

£ 4fe *ll 1444^4 4-§- 44 £44 14 4*121 3s£; 

£ 5tt Hl^» §al4 #efl3 44 £44 €4 4*14 3fl7]*H 4<>1^ il£3 44ofl 3 = BflEj-a- 5^4 44 
£; 

£ 64- ^1 1444313 44 a4s)- ^]s\- ^sfloi ^21 ^ jge-^sl 44 & - ^sHr 44 £44 

£; 

£ 74 4 44^1 *ll 24444 -44 44°fl 4* 44 £44 143 4^-£; 

£ 84: 2)1 23-444 444E1H 4-1- >44 £44 44 4*H1 443^ 313*1 43 mH^ ii£3 44°1143 4^ 
£44 44£; 

£ 9fe *)1 2444^4 44 £44 14 4*14 ^2fl3 <*s) 44 £44 14 4*13 44S-^4^r 44 4^1* £ 
44 £; 

£ 104 4 •443 211 34443H1 4-E- 44 S44 14 4*14 sl^.£; 

£114-211 3444 <MH 4« 44 £44 44 44°fl 4-g-sl^ ^?1*1 4°H4 44^ i£4 4-4°fl43 44 
£4t!-^4£; 

£ 12^ 2fl 3^44^4 4*<3 £44 €4 4*14 #Hfl3 <-)lel 44 £^4 14 4*13 44 4:- ^4=4 *4 4^11- 
£4t!-£; 

£ i3^gr 4- 443 *li 4444^4 4€- 44 £44 14 443 3s£ ; 
£ 14^ 4-443 2fl 4444^°fl 4€- 44 £44 44 4*13 44£; 

£ 15^ 2fl 4-444'e)H1 4€- 44 £44 44 4*H1 444^ =11-4*1 43 «114^ a.£3 44°H43 4^- 42:* 
£44 2§4£; 
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£ 17^8- *fl 4^A)*§Efls] ^ fiigsfl. sJeI ^efls) cfld] 4f~£ ^Tjl-i- E^l^- £ ; 

£ 18^8- #efl^ Aj-^e)^ SI 5.1- ^ ^ ^13] e.a1^ S)S£; ^ 

£ i°fl £Ai^ 3}*^. a. ^ofl 4 = ^ jr^jq. ^ ^i(i)^ mM*i(2) ^ 3fl7)^l(2)«>)l ^-8-€ X^sF « 

El ^(3)* i^-ttcf. £ l£ ^3 313 #*l(3)Sl £)<£-§■ ^a] 7fl^^.St> £a1$t}. 

3fl7l*l(2)fe ^AfzJ-tg Jg^- ^Aj-^ 5)-- sjo|i iLJEl(4), Ufloli iLH.(4)°fl a}A}z}-*g m fgAj-o] a* (5) 5) 

=L2\ ^fl^-Hl ^^SV£S. ^^(5)o)l ^lAfZ]-^ jgg ^ 4 JM|(6)* i#tb*}. #^(5)£ ^Z^o] 3 

* a>^Al JS^M^ #0.4, nelM- ale) ^ ^ 01 4 

* -frA>*V 7flS_S. ^ Aj^CLJ^ =g ^-7fl (6) f-AS ^1^51^ ^ Aj^ 7 >^ ^ 5>>4. 

uflol^ i^(4)fe 7l^-#(4b ^ 4c)-i- 4* 7j#ofl o^efl S^slcf. 7l^-(4a) ^ 7]^(4b) ^H*!, ^o)] 

aJt^^ 4 0 l3L5^Ei|J (rnicroscrip) ^ s _g. ^^j a}^( 50 )o] 7l^(4b)2] -^^^^-5. <Sofl ^Aj^4 7 \%s. 

(4b ^ 4c)fe ^ 7fla5.-f.Ei TfliS)^ 4,^°] -fi-AUfl Aj-^ S 7^Z\, 

S. 2°fl £A]^ 5J^^ ; 1&Aj ^E] i7.|-(3)^ 7]%CLg_A] 3]A>Zt^ 3| ^- oj-^ 7)^(7)-^ ?>^4. o] 

^^l^Efl^l^, ^"^ 7l^-(7)^- 36° , Y-^^: ^ X-^4LiTaO 3 7]$:SL3. Tfl^^uf. 7 l^(7)^8r, ^1^14, nf^- 
«a-*l ^=9. £^ ^ ElEfvflolE ^ a am ol e . ^tqOead titanate zirconate - based ceramic)^ ^ <$ 

H^^-S. 7fl2^ ^ Sflcf. 7H^^ o. s> <g-^ jg^. a - 7 ]^. ^Vofl Zn0 o.s. ^fl^sl igAj§|.d| 

^.^nj-o. oj-^ 7 1^( 7 )^ Aj-^( 7a ) ^ofl ^Aj S ]j 1> nE]j7 q-Ai, S^cH) ^ ^0] 6\]^ 

^^^Cf. £^ ^m-gr ^Aj^ ^ S..*^ 7fl*V£|^ «r0.uf, o] A) ^ Efl o]| ^ ^nl^-ol = 

^ 7flSS.Ai A>-g-^C}. #=^2] A^^- W H 0 V^( lift off method) * Al~g-<sH 

^-*?b sfl^ol £ 21- ?4olcf. 

7]^( 7 )S] Aj-^ ( 7 a) o)|Ai, A>cfei sis* -S*3*}7l fl«fl, cj^ ^>^- Ej.^ A 7 A ^l-y- 

^?l7lt-(8 ^ 9)3f ^7)1-(10 - 12)°1 ^^^4. *^l7ll-(8 ^ 9)4 ^S<y- ^^7llr(io -- 12) 

AA^r IDT4 ^ ^1*3 »8-*o.S z| IDTl-£] *}^$= tifl^lS «>A> 7 )-i-^- ^v-4 cfl^o) 

<^)5.Ai Zj^oj- ^.^1 7 ] (8) ^§)-0} ^ 7 ] (8) ^ IDT(8a )2]- *V ^-31 a}A> 7 ls. (8b ^ g c) ^. i^t} 

att, 7l^-(7)^ Aj-^( 7a)0 flA^ i Aj^ ?fl^l-(i3 _ i7)o] ^a^4 2\ ^fl^l-(i3 _ 17)^. ^ 

^El iAf( 3 )# 5»1 H.^ A} 7 |^ ^^§>^ f-^-OlJl j S.^ ^ £ o} cg^^. 7 j.^) ^.^ov^. ^^^4. C^Ai, Al^- ^ 

^«-(13 - 17)°fl n^Al f-S-l-^r ^Hlrofl f-^-i-* M-El-Vilt^. 
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^ «£.S-(13)-& 44 4&1 :£4(3)2l •a^^^S-'H 4-§"4i. 4£ ^£(18)* **M ^1 1*114 3-*>7l 

(8)21 4 4°fl ^444. 45. ^ 5-(18)tt 44 $S-(13). *144 4471(8)2} 4 4^ 7fl l*§14 ^471(10)2} 4 
#4 ^7l^^5. 33^144. 7j S(18) oi] ^^s]^ d>^*>^ ^^<y. ^71(10)2} 4 4* 4E 3^(1 

9)« 44 ^=(14)4 ^444. 44 S8S-(14)^ ^4 4314 ^4=^ igsolcf. 

4£ ^3.(18)4 ^44 44 444tt 344 ^-^17] (8)^ 4* 45 ^5(20)4 ^#44. 45 7js.(20)fe 
2414 4471(9)2} 44 ^#21 S BE 4 711 2^14^471(11)21 4 44 £*V ^£4. ^J5L ^5- (20) 4 ^4 

4 44 444^ 4 2*§14 ^-^71 (ll)Sl <&* 4^ $£(15)4 ^44. # = $£(15)^ ^*1 434 ^^Slfe 
4^- ^flSolnf. 

*1S ^5.(21)^ *!] 2314 ^-^71(9)2] cf-g. cj2f ^#^cf. 45 7j5.(2i)^ ^=(17) 3LelJi *fl 3^4 * 
44 (12)21 44 54 ^444. 44 $5(17)^ #1 44iM 4*44. 45 3^(21)4 44 °FWr 

•314 ^47] (12)4 ^ ^S. 73s.(22)-I- **M 4^" $5.(16)4 ^444. 4^ $£(16)^r ^4 444 ^4r« 
^^flsolcf. 

44 &44 44 i4(3)°fl4 nelJE.S, 444 1 « 7.]} 2414 ^-?l7l-i-(8 ^ 9) 4 1 ~ 3^14 ^711- 
* 5 4°)) 54€ 444 SIS* 444-7) 4*11 ^44. 44. 5 4°fl44 <U44^4(L1 - L5)* ^°)1 44 
4. 

S3^S 1°)1 544 sfl44(2)o)144 ^o]^ iL^(4)4 44°fl ^4fe 4^ 4^44. 



44 £44 14 ^4(3)* alH^ iL5(4)4 44(4aH 4fl4(XH ^1 «fl 444* 44^1 4444. 4 44-i4, 
4#4 4^ £44 ^E^ ^4(3)* 71^(7)21 >a-^(7a)<^l <=>>HflS ^SKE^ ^^1=1^ ^ ^H-f-ofl Sl*fl 
-g-^t}. S. 2-^1 ^ S ^3^ ^(3)^ ^ 71^(7)21 ^(73)^1 °1-H115. 

*lslfe ^^.5. S. 3°fl £A]s) tiflol^ a.^(4)Sl -a-^(4a)°fl ^^^lJl, ft^ i^sl- 4i^l-(3)fil- «fl<>l>; iL^(4) 
^Slr<Hl 2)S11 ^-^Sl^l, -SI «H , ^ ^Ei di^>(3)« Jl^tbq-. 



Bflol^ i^(4)S) ^-^(43)^1^, S^ofl £A|^ ^^-1-^: ^ Hl^liSl- H^d^s}Jl *>^sVocl ^^^cf. J=K^ ^ 
^ ^1^1- (23 - 27) t+ol ^-^YS t 1 ^*^. 3fl^-l-(23 - 27)^: ^-elSjol ^ 
sflH.(23)^ ^H(28)°fl 21*11 £ 2°fl E^l€ ^i^ €^(13)^ ^7l^ SL3. ^#5lJl, 7^1^ ^-^€^1-. 7fl47>, 3 
^ 3l)^l-(24 ~ 26)^- ^il-(29, 30 ^ 31)^1 2l«fl, 5. 2^1 £.^1^ ^S#(14 - 16)4 ^#^4. 
Bl|^-(27)fe ^ = (32)« ^\<A 2^1 £7-1^ ^q- ^= (17)5. #7l*}A3. ^^€4. 



= 1- (23 - 27) ^°fl^1. ^i^- 3)1^-1- (23 - 27)* -tlJl T^S}- z^-z| ^^=1^ ^^-1-^1 aV^ofl, ^ 
^ sflS(24 ^ 26)^ 21^- ^^1 44 ^#4^ ^Rlrol^. 

^Y ^141-(41 ~ 44)€r • >^Mii JiLH(4)2l 4^°fl ^-^€4. 21 ^^1-(41 ~ 44)* Bfl^li ^H(4)2l ^(4a) 

s£ov ovqe)-, 4^ ^ ^«5L °i444 ^l*fl £ £4=14 Y^l^E ^^44. 4 ^ 4^#(41 - 
44)* =lz]2.3. 4^ i44 ^4 4^1» 21-f-s. 47l^j^s ^^4^ ^4^1 7l^ 4^44. 

21¥ 4^(44)* 4°13.5.^S^ 4S.(45)« *4<^ 4^ 211^(23)4 ^^44. 7fl47>, 2) Jf #^(41)* D }oi 3 s. 
iE^ 4^(46)» *4°1 4^ ^1^(27)4 ^1444. £4, 21Y 44(42)* 4°l35_^E^ ^ 5.(47)1- 3 
4 sflH(24)4 ^421 uL. 21 ^ 4^(43)* 4°lSS.^S^ Ai^l-(48 ^ 49)* **M 4 4^" 4Sl:(25 ^ 26)4 

44^4^4. 

214 ^^-i:(42 5? 43)*, ne|£S, 44 ^^1 4^-4 44 ^44 2IY ^^-o] a}-^ ^^s. (41 ^ 44) o. # 
°J 4s«)l 44 ^#4 44 4^«°14. 
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4*4 »}°)3L3.±E.^ #3.% (45 ~ 49)* S. 3*1143 ^ofl ^gfl 444^ ?J4 4<4 7l4(4b)4 *«M 3*1 4 
5.(50)2)- 4^44. i^oj fH (flne belt) ^a 0 v ^ £ sfllil-^: Dfol^s-^E^ 71444. £ 3<i4, 3*1 

4^(50)* 451-(45 - 49)4 444* 44ofl *§44 4 44. 4^*V 40133.^^ 4^1(45 

- 49)* «H°1^ 1E(4)4 4*3 4°H 3*144. 

°1 ^ A 1*§E1HH, Sl^i 441* 4*4 "folaiiS^ 451(45 - 49)°11 2)m «?444. 4^14711, £ 4<Hl £ 
44 434^(L1)* H^lHS-^S.^ 4s.(45)°l] 2)sfl 434^(L2)* 4 0 l35iH i |] 45(46)°1| 2)5fl 

^214*), 434^1(L3 - L5)* °>ol SS: iH^ 451(47 ~ 49)°fl 2ls]] 44 *j2l44. 

4* 45, "Vols^E^ 4 5.1(47 ~ 49)2] °1g}4^ ^41-* 443 S)s.l- ig^g- ^4 7 H ^ 3*1 45 
4 44 ^#S]fe 5>)4 441 A\o]o\] 44 ^444. 71147K v}°)EL*L+^ 451(46 ^ 45)2) "43 4 ^ ^41* 
3j?t4 ^41 ^ sq4 Al^r Aij^q. z}4 ^4 sq 4 441(41 ^ 44) 4°H 44 3444. 

0 1 ^^1^^°!]^, 27flSl *\W ^4^11(8 ^ 9)4 37fl£| >g=i4 ^4711(10 - 12) * i44* 443 *£z] S\ 

s-i- £44* 44 i44 43 44°fl4, -43 4^ -^41* 4*4 4°l3S.iE^ ^isi-(47 - 49H 331 44 
^14 ^441(10 ~ 12)°fl ^^AS 47>44. 0)3*44 333 4cfl4 -f-4 tfl<*o} 44^0] ^ 7 f# 7>^s} 
Tfl 44. 3* ^-^ 4^1 3i43 4^4 ?H 4. 

£ 64 44* * 43°H 4* fMd S44 133 4^4-444 s-^-g. £ 7]4ji, zieU i)14* ^3) 4«14 

4^ 544 433 4^4-444 444 £344. 



i|)4o)l 2]sll £ 6°11 £44 433 43 X34 43 433 44tt 3333 u||o1a a.^ oj ^igo^ ^ 
£53 £4€ 34 43 ^43* 34 334^4*4 43^33 3444. ^ ^^c S(105 _ io7)-8:33 
^ ^.^(104)^ 44(i04a)°fl ^^44. 4^1-(iil - 114)* M) ^4°fl ^44. s]^- ^41-(iii ~ 114) 
* 44as-?-e1 a #4* *sfl 4444 ^44£^ ^^44. ^1^4 4^»* ^44 47)^^5. 4 
41-<H1 sfl444. -214 44#(112 - 113)* ^* ^s.»(i08 - 109)*- ^i^ ^s#(io5 5 106)4 

4713^5 44 ^#44. 



4^-i-oi ^ ^^.#(108 ^ 109)4 4^4^ ^-^-(104) 44-f-°ll ^4=1^ "fl€-«fl, ^s-i- 
(108 ^ 109)* 4s.irS.Ai 71^-4^1 4*4. ^* 4* 4^- 3fl^-(i07)* ^d41-(iii 

- 114)4 ^444. 4^- 3flH(io7)* ^^1 4^4 44 ^44 4 A J S44 4^ ^7>( 3 )^ 4= s2h.i-(i4 

- 16)5 44^ ^4s)Ji, 44 211^.1- (105 ^ 106)* 44 44s. 44 ^44 4 44 ^^i-(i3 % 17) 
4 343* 44*014. 



rzeiH.s., tfis-i. ^isfl ^tii4 ^2fl2i 4^ £.34 4^H4, ^«4 ?47ll-(io ~ 12)4 3^1 4^4 44 3 
44 «14 4^-l-(lll ^ 114) 4 6 HH S^s]^ 4°l35.iS^ 4 51:* ^7fl4xi ziofl D> 

ol3S.iH^ 451-^ sqsil 4^4^ 44#°1 3 Ai-oH] 4<ysl7,i 4^4. 

71147K a^H^H, 3)14 ^47ll-(8 ^ 9)4 214 *d^!-(112 ^ 113) 7>olo 1 lAi 44 ^43^ "}°4SiE^ 

45-1-* #711471 goH, ziai°s, 4°1hs.^e^ ^3.1,^ 0^*1 43^ ^ «.s- o1 ^ Afoi^i 4-3514 4^4. 
4*4 47-I ^£114 4eflel *H1 <=>fl 442^ 44 i44 €^ ^4(3)2} ^M]^ 4*4 44: 

3)14 : §-47l«-(8 ^ 9) 4^ ^42] ?lEiclx|^( int erdigital) 4 = 17m 4421 IDT°)M^ ^^-|-2l 42) 

4 = 100, 442) 447H7.-i<M 4^- 441-2) 4 = 100, 4^ 4^1 ^^1 = 0.99^(4^ a-a42l 44 x = 1.99^). 
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A 1 5J 3^1^" ^^l7l-i-(10 ^ 12) ^7]^3] «?lEi^^^ = 50/M, IDT°H^1^ ^-f-21 ^2} 

^ = 40, «>M-^ ^>7)ofl^^ ^ ^7]^2] ^ = 100, ^ 4*1 _ i.04Aan(^ S.^^ ^ \ = 2.07*an). 

2^^<a- : 5-^l7l#(ll) ^§711:^ -yE^Hg s. = 52/a n, 442} IDT°)H3 #»2l ^ = 90, 

44 tiVA>7l<H)^2l ^l-^ t = 100, *R ^ 3)^1 = 1.04/^n(^ sRh \ = 2.08/an). 

^*1$3H*1, iL3= (4H "}<>l3SiIi -tl5.1-(45 - 49)°fl 3* <?l^€i ^£»£r 4^ £4; 

n}ol3SiB^ ^5.1:(45 ^ 46) 0.8nH 

fl-ola.s.iE^ ^S.lr(47 ^ 49) 0.8nH 

o}ola.^. ^^.(48) 0.5nH 



<M*8«H*l*r 86MHz°l^l, ^, °1 ^^l^Eflfe ^-$2] c^lz} iL4 -f-3)- cfl«o] 4444. -f-sj- cfl« 44 

^8r, °1 ^HI^H-M. ^gflo^ 44=4 AS 4£r ^Hr°fl 3*144. 34 4°H) t+o] H.2V« 

°1 4^- 3fl = -l-ol A^g. o]?3s]o] <& 7 ) ufl£-<4 4= 4s, olajEH^ A^s.ol ^•#*}-P>o] a . S > lS ^ -i!5.#(47 - 49) 
ofl 4Sfl 1 - 3^«<a- ^7l-i-(10 - 12)°11 ^^^O-S. Jf 7 ]-Sl7l ^c]] OID}^^ A^o} #7114*1 ^Cf. 



El^H, A o V #^ ^ -§--!:-§- -?-7>5l-^ D}fl 2 £AE^ 4^.«-(45 ~ 49) °| »\)°}^ iL^=4 4°H ^^7] 

m d)-o| 35.^^^ 4sl-(45 ~ 49)21 AAA fM§ ^E} 4i7>(3) A}olo] ^^ 7 ] 440. 04.4 ^ jl 

nfl-g-o^ olejtl- "HaS-iB?] ^jSt^ 4*14 ^ofl Aflt!-# ^1 ^^4. ol^^r ^ 

^Ei ^(3)71- %^ ^ 7^M. 7} ^ ]JL aflo)^ jiE. (4) oil 7>^>7fl *14. 



^ols^iE^ AH S s.ol ^Ajs]^ 7l^(4b)2) ^r#x\) D}o| 3S iE^ ^^1 ^(50) 7]^% 

^Eis] ^* 7fl^^>7i £|3fl ■a^sd^ ^^-ol 4°l3S.is.^ <y^^^ -^^-si 4-g-o.s. 4^ 



(^1 2^^1^Bfl) 

£ 7^ ^ 1^21 Afl 2^^1^Efloll rir^r ^ X-Ssl- ^E^ ^-^121 SJS. ^-2:1- £A14^ £014. 

°1 ^^^Efl°11^ Afl l^l^Sq- -a-A}-*}. 4-A^ 3j El i^{3)7l ^1-^4. £ yofl £ Al^ 271121 3l 

12J- ^7l!-(8 ^ 9), 3LS1J1 37fl2l ^^7l=-(10 - 12)^1 3}3L 7>^£S. ^ s ^^^4. 

5L 7^-f-E-l 0^ 5J^^, ^i-f, c»l ^Al^EfloflA^ ^^1 Al^ls} 37flsq ^121 -S 1 ^l7ll-(10 - 12)°1 ^f-^-S. 

^^ElU, 9J51€^»(L6 ^ L7)°l ^ ^^2)^ ^4 ^1^- 3*1 A1 S <4 z^zl- Aj^sl-^ 21^ A}o]6\]a] 

^7lAi, Ajxl ^41, ^ ^4 ^41-°11 371121 ^l^j- ^?l7ll-(10 - 12)21 CJI-^ <a-Al 71^-ofl ^ ^ 
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##tb 434^»(L6 S L7)^ q-zjvg. s^Ha-i 4^3 nl-olas.^ U a}^] cq^fl ^s)^lcf. 

^1 24*1^^ ^1 244^^ Hflo]i iS(54)^ 3^ 42:7} *11 l^^l^HflS] u}^- ^-g- z\)3)-s}SL 

fe 7fl l^q^Bflsf 2:^44. 4^ S44 44 ^4(3)3 ^4 iflT-iq (2)^1 tfg. ^£<Hi 

44<4 l^q^Eflsi -a^oi <y.g-^ ^oicf. 

°1 -aq^Efl°fl^1 3£4, 44 7l*(4)Sl 44(4a; £ 2^)«»1 ^Hri JiE.(54)Sl 44°II4 dfl7H(XH 213) t-S)44 
4 ^^HH 444^r MAS, ^ x^a^ ^ ^>( 3 )^ ofl 2]tH •SHI-* 4^44. 

4^ s))^*(55 - 57)* i44fe 4°1 444fe a.S.(54)Sl ^^(543)^ ^444. 44 *fl=-l:(55 $ 56) 

* ^S.*(55a % 56a)* -f-*H 44 £ 2°fl £7-14 ^ ^#(13 * 17)41 3#44. 44 sfl^(57)^ £*»( 
57a ~ 57d)* *<M £ 2°H ^q £3*4 343^ ^*(14, 15 ^ 16)"i 4^44. 

l44i^<>l ^^-o\]A\^]^ t 9]^ £^(61 - 64)* JiA(54)4 ^ ^-g-»<i ^444. ^4 44*(6 

1 -64)4 ^H^ .SLA (54) 51 44(54a)^4 4M4, ^'S* **11 44 AS <3447l ^sfl^t *I444. 4^4 4 

3fl^l-(55 ^ 56)* 4°13S.^e^ ^S.^(G5 4 66)* -f-sfl $14 4^*(64 ^ 61)4 44 ^*44. 4^ ^ 
A (57)^ 4 4°l3S.ie^ Ai5.1-( 6 7 * 68)* *«W ^4 ; 5i^-*(62 ^ 63)^1 ^444. 

4, $\ 7l4(2)s] -^44°lH ^ 3fl-(57)« *44 34 434 344 37fl 3] ^471^ -Sa^oI ^ 

f AS. 3*3 A, ^ 3«H.(57)fe 4 4°lHS>iE^ ^s.l-(67 ^ 68)* ^*4^ 34 3^*(62 ^ 63) 

4 #44. 

°j 3/*3 4s <&4** 444* 3^- ^^#(13 % 17)4 44 7l#(4) 4MM4 ^1 44** ^44^ ^ S« 
^*(14 - 16)^8- Bfl7l4 ^11 4S4 44 ^4=1^ ^14 4^*(6i % 64) ^ ^4 4^4 44 

44 4^1- (62 ^ 63)°1) tfl^H, <y-^d 7l^(4)Sl f^-fr ^^fe ^Sofl cfl^ 2} 90 ° 3] ^i* ^ 

U11144. 

4 14^314 444^11, 4°l3S^S^ 4s#(65, 66, 67 ^ 68)* ^4 4^-(50)4 4444. ^11 244^^51 
4^- ^ l44^Efl2l ^33q- -f-^sl-ci-. 

24q^tD°)l 4€- 44 S44 «^ ^lsl ^ ^ . sa^ ^.^^ £ 9o11a ^ aj^o.^. ufE)-\flcl-. ulsi- ^sfl, 

4 l44^Efl°fl 4*4 *E))2l ^SAi ^til^l ^EflSl oflofl IXJ-^ Ej-Aj 3gEi ^] S] 7^^.-5).^ ^ ^^ 7 J. 

ill 4 AS. 4444. 

44^EH°iiq, 4°!^^^^ ^5.^.(65 « 66)o11 ojg,) h. 71 . s oj^^^ Aj «.s. zj-qo- o.8nHS 4^i| 4°las 

il^ 4S*(67 ^ 68)ofl ^1»11 47>4 °]Gl4i ^4** 4 0.3nHS 4^44. 

-a^lS, Ziqu)-, ^ «. 3*1 AJS.S1 qq- 21 «. ^^-#(62 ^ 63)4 ^44 "l^laSiE^ 4Slr(67 ^ 68)«1 

44^4 4s*4 3#sl7) uH-g-ofl ois^44^ 4o.inHsl ^ <4^^i^7l- 4<ys]^r 44* 4^4. 

£ 9S-^-Ei <a:7fl * 4 4fe ^J^^, ol ^Al^EfloHA^ ol^Hi ^l-i-ol Aj-^*). ololas^E^ AlS.S.^g _ 68)0) ) 

4*11 all 714(2) °ll 47>4 nfl, ^.4 tfl^si e^oUA-isi q-^^oi ^7>^4. 4dBsl 4^4°ll ^fl^eV^ -f-4 cfl^sl 4* 

^Efl^l °}H cflsfl 78MHz4 tfl^AS, ol ^Al^tflofl cflsfl 80MHz°lJl, 4, *4 tfl°^ 4cfl7l- ol ^Al^EHoflA^ ^. 

AH1 ^^^Cl-. 

ol 47-l^Efl°ll^ at, °J c 4Jit 47>47l ^4 4ol2S^s^ 4s*oi b\)o]+ a.^( 4 )2i- ^-^(5) aIoh) § 
711471 ^*<H1, ^ i^j-ai-si ^a171 ^^-o] ^ji, oh °i efl, -f^tb 4^* ^^44. ^*oi_ 7fl 

i44^^si o-chia^a^, oi ^Ai^EfloflA^ 5E4, 4°1 444°fl 4ol3S^^ Ai^i-oi gj^ ^o\] t ^h#s1 ^ 

44 4°H 7ll*lol ol5 j^ bJ.^ ^7V( 3 )7l- Hflo)i ti^( 4 )oll 44^1 4^slfe 5J* 7>^o->7fl *14. 
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(4 3^4^ 4) 

£ 10* * 4*34 *fl 344*844 4* 44 lEi %x]2] s]S. 5. A] *V £o]cf. afl 344*8444 £4, 

44 S44 44 ^V(3)fe 4 144*84444 4* 44-^5. ^H4:z. 244 4 i S4.*47l»(8 ^ 9)4 344 

•8*4*444(10 - 12)* A^e} $3.^ 4*S4 ? | 7 1 44 43. ^d^tf. 

4 444444 444(2)4 #44 4 ?J J?-4* 4 l44*844 44-°S 2:^44. 4 3^ 4 l44*8 

Efls-Al-olo) ^ 0 |±= £ 110 fl 444, 44^ j£H.(74)4 *844 ^^o,] ^ 44^^(74) 

444 44 42: 444 t^26(| tflSH, 211 l44*844 ^tg^ %V^].jp S ^^o] tiV4S)*l^ ^Ol4. 

Hfloli iS.(74)2l 44 (74a) 4 Al 44^4 3= 4^1- (75, 76, 77 ^ 78)4 S^S|al. Zie|Jl cfo} JfsV 4 
44 44 all = l-(75 - 78)4 44 *444. 44 4^-I-(75 - 78)2] zj-zf iflJfsl ^ g:^ ^s-ofl ^afl 14^4^ * 
4** 44 X44 ^4(3)4 44 ^el« -f-44 444 44 >*H4 ^4* q-E}-44. 

44 44*(81 -84)* 4 144444*444, 44^-^(74)4 ^444 4444. 44 44*(81 _ 8 4)* 
451 4^.4 44 444 44 j1, 44H3.^JE4 #s§( 86 ^ 8 5)^. j^o} *1^- sflcs. (76 nj 75)0 j| 3 

444. 44 4H4(77 4 78)* n>o}5LS.iS^ *isL»(87 4 88)4 4*44, 44 4 -£-4 44 ^44 44 44 
(82 ^ 83)4 ^444. 



£4, 4^" 41:= (75)* 4H(75a)» *4 £ 24 £4^1 3= ^Sl-(13)4 444-2, 44 4-^(76)* 4 = (76a) 
1- £ 24 £4£ ^q- (17)4 4444. 44 4^(77)* 4 HI- (77a ^ 77b)* *44 44 4Sf-(l 

4; £ 2)4 444:2, 44 4^(78)* 4Hl-(78a 4 78b)* *44 44 4 = 1-(15 ^ 16; £ 2 4204 ^^€4. 
ojofl U]^cH ( ajo^i 2 7fl2] ^}l-8r Sf42l ^ ®SL°]} ^ Si4. 4-E- ts, ^^1 ^ 

414 "8^%. ^ sflS.*, «fl* ^ S«S1-(15 ^ 16)8r €^3. ^ SJ4. 



s. i(H £44 5J^^, ^s1°.s. ^ 1^1^ ^7l(io)4 ^1 2 ^ 2)1 3^47)1- (11 ^ 12)* 4°1 ^^ofl^ ^ 
5. »1^^4. 4°l3.s.iS^ -as(87)°fl 21 tt y^4^(L7)fe ^ i*g«4 ^471 (10) £ si4 ^4 . A dss1 

2l-¥- ^4^(82) 4«H4 ^SlSlJL. oVcla^-ie^ ^s.(88)<Hl "?1^4^(L8)^ 2fl 2 ^ 2fl 3^*4 ^-47l*( 

11 % 12)4 ^4 4S.4 ^1^. ^^-(83) 4°H ^21^14. 

34Al^Efl<H1 4-S 4^ a^4 «3 4^21 zj-i]=.^^ 4^1fe A>^-s>oi ^ 12011 £Al^4. U]M^ 

4l«fl, 211 i^Al^Efloi| A^Elfe Hlm» 51 all § u 14 ^efl^l ^oi] 4= ^ a ^aj. ^e-| ^1^ zj-^^- ^ ^ 
Tim 4fl4* A>-g-*H £ 12°11 £4^4. 

°1 ^-r-°tl, °}°}3.3.^m.m 4Sl-(85 ^ 86)°11 44 Sl^^i ^4* 44* 0.8nH5. ^44^1, 4°l3LS.iS^ ^ 

^»(87 ^ 88)<H1 44 44^^ -^4» 44* 4 o.3nHS ^^44. 4 44^efl4 4* ^a^** ^ i^a1%«|^. 
4444. 

£ 125.*e^ ^Tfl * ^ 4* ^4^, 4 44^EfloiiA-i at!-. 444^ 441:4 4^4 "HasiHl 4s#(85 - 
88) 4*11 ^144(2) ^Ajs]7i nfi-s-on, cfl^o^ e4 6 D44 444* #2114 ^l^l cfl*fl 444 ^7>« ^ 
44. 4dB4 444°ll sfl^l* 44 444 ** f^4 °114 4*114 78MHz4 4^4 4 44^44 444 8 
5MH Z °1 n, ^. 4 44^444 44 444 444 444 4444. 

4 244^44 ^44 444 4324 4 (£ 9), 4 44^444, -f-4 444 e4444 44^(fr)444 444 
71- ^7Ha4. =lz\s.3L, *4 444 ^-4 7>4* ^44 44 4444 4444 ^47)- ^-44 4, 4 344^44 4 
* 44 i44 14 44 * 4 244 ^44 4* 4-S.4 a.4 444 SI4. 

(4 4^4 ^4) 
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£ 134 4 t^S] *fl 4^1- SL^sH- ^13] 215. ?£f 5.o]t±. 4 444^1^41 £4, 

^1 l^^l^Efl°fl 4-E- 34 *^«r !H3 S£4 4^1 ^l-(3)7> Aj-g-HlJi, ^1 1 ^ ^ 2*1114 : §-^l7ll-(8 ^ 

9), ^4 -^?l7ll-(io - 12)^ Afcfe) 3]S» 7}^l£f Ais. ^£4. 

£ 14«fl £^1^ 3*1^, <2-<3£°lH;^, ( 2 )fe ^] l^oli 4*11^ ^.= (94)1- S4*>4. £4,^ 

(95)4 ^(96)^- £44fe All 2?flol^ Jf Aflir Afl l^Al^Bflsq- ^ h c Vai o. s S^c]-. 

°1 ^4$*W*1. iLH.(94)^r 7l^rl-(94b, 94c ^ 94d)4 £44tt A% 44^ iL^ofl 2:^H]i, «1H 

i iLH(94) MH. oiDj^^=.^ «7}§|-fe p}o)aSiB| ^£t^»l *§444. 

£ 15xr «1Mi il= (94)^ ^-^jq- 7l^-(94b)^ ^Vig-g- £A|<5l-fe ^^iojji, s. 16 £- vlo}^^^^ ^3.^°} ^ 
A^fe 7)^:(94c)Sl 444 Jg^£o]cf. 



£ 15«fl 3*14 4^ 3))H.l-(55 - 57)£: £ 8°fl £A)^ x|) 24^31^31 *\}o}^ £_rzsq. ^ ^ o_ s vt\] 

Ol^^^( 94 )^ Aj-^ofl ^Aj^nf O) ^Al^EfloflA^ ZlBiM-, 3}Jf A}^- ^ D}0|3S.AE^ AH Sfe H]|o)A 1£ (94) 0| 

44°H 3^3*1 #31. 7]7-l 71^(94)^ vfl-f-ofl ^44. 7l^(94b)l- -S-sfl ^-S-^<^ ^ ^ofl £44^ # 
^-#(95a - 95d)4 4^ sfl=l:(55 ~ 57)^1 «§*W4. £ 16^1 3^^, ^-f-* ?i^-i-(95a - 95d)^l S-4 

44 41r£r 7l^-(94c)^ 444°1H ^Aj^ D >o1h^e^ 43.#(97a - 97d)2l # #3} AA ^434. 

4°l3S.^H^ 45L»(97a ~ 97d)2l 4€- 41-8: 7)^-(94c)^ 4 J 4S 0 flAl ^ 4^"I:(98a ~ 98d)°fl 44 34€ 

4. 214 4^1- (98a - 98d)4 7l^(94c ^ 94d)3 4<£1~§- ^ 441:-S-4^ tifloji a.^(94)5] S^o. 

5. ^44(51 14 %3i). ^144 s. 16<>1H ifl^Holl 31*11 44^3 ^J^^, ")- 0 laSiE^ ^S.l-(97a ~ 
97d)-«- ^^1 €^-(50)£r SL3. 7l^-(94c)2l ^} 4^* ^^€4. 



cH^r^M147fl, o) ^Al^EfloflA^ ofol^^^E^j AH^s- (97a _ g7d) o| All *?-^S.*] iiH.(94)i 4 

SlJl, £ 13°fl £^1^ olel*V n }ol 3 si£| ^ sl . (97a _ 97d)o11 9J^€^ ^^1-(L9 ^ L10)£ A 

1 - 3^S4 ^^l7ls.oi ^0.5 ^j^sl^r ^--g-4 ^A ^1^4 44 ^4^1^ ^1-^- aVohia^ ^3)5)^ 
b>^o 1 ] j <y^EH^ a^s- (l1 ^ L2) ^ 3i^<y- ^-^l^i-cs ^ 9)4 ^1^- 45: 4^4 44 ^44 214 ?i4« 4°l°fl 
Ai ^s]44 



0}B\i& ^-A^-S., ^1^4^#* 47]^Hr 4°13S^E^ Ajs.S-0. gfl?)^ tfloflAi <$2]°) $]x\o\}*] ^Aj^ ^ 0^4 



£ 17<H1 £A]^ ^Aj o. ^ 4^A1<§E1H H)-^ ^-Aj ^]31 A$ & - ^4^ 4^ 47111- £^^31, i|Aj^. 

tilffiS Sin ^211^ 0)H1 4= l£Aj ^E^Sl ^^.^4^ S.Aj ^-7ll# iAl^-Cf. CX171A-1, Afl 4^Al^Efl 

°fl 4€- a^4 ^e-1 ^i# ^Aj5]. 7 i oisfl, 4 3ltt4 ^711-011 ^-7>^ dVoIhs^e^ ah so1 i 214 °J^€^ 

4^:* l.OnHS 4^S)J1, ^.BlJl ^14 ^^17131- ^^1 Al^. A>olo)) AA ^44 ^^-1-(L9 ^ L10)£- 1. 

OnHS. 4^44. 



£ 17-SL4<M ° S M1* T 4^ 51^^, Ol AjAl^EflcHlA-1 Ol^Ej^ Aj«.S.^- «- 7 >^ P>Ol3^E^ Aj^^-O] ^ 

^^8: *4 cfl^Sl ^4°1lAl 4^St* ^7>Al^cl-. S-^l, ^ 4°11A131 4^^°1lAi3l 711^3^ ^7-1^4. 0^0. 

Ais. ^44 ?J^4^1-(L8 ^ L9)^l ^01 t^m) o^gfl 7j-i)^3i ^3).^( fr )7l- 44^1^ ?H1 7101^-4. 



^1 44 A l^Efl C, l4i, 4°l3.S.iE^ A1S.S.O) Hflol^ ti^dl 4*l7l S Dl-Ol3S.^E^ Aj^S-Ol Aj^-S. 

5-A^| ^Aj£]7l Hfl^-Oll, Z| n )-Ola.5.iS^ 43.1-01 Zlo]^ ^ Olj7 o] c]} 3] efl ^4 ^ 0 Jei4^SJ:^ ^ 44. 
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7fl^Sl-7l ^-2-*- Aj «-o] n}o| 3 SAe^ a) S <^ -yej^ri ^^2) A}-g-o_3. ^ S^al- 3^3. 



*HrS) ^ aflH-l-^ 5>fe cfo] «.av« . r> ^ jflc^. ^ <y^^ ^ o.^ Jl, a] jr. ajjl 

HL^r ?H S^s* sjEi ^1 S}Jf <>1H zfz} ^#5]^ <q ^^1-^ 2^%v n)) ^ b] E -| 

^ B] ^ X\ 7\ -g-Ol 5>7fl ^ Aj 5] ^ ^- 7 >^S>7fl *Vn}. 



"fl§1, «Jr^V ^ Xli *^ cfl^o) ^-cfl7f ^ ^i^-. 

A o v #tl- Ai^s.^ ajoii ^^<y- ^^i7l^ ^x] ^l-af <3H!-°fl 3fl 

— ^ sfl7lAl sq^-^Ai ^s.s\- 9)1*- ^ a>oH nfl, -i-al- ^« 0 HlAi ^^o, ^ ^-^ 

^ S^3^ ^Ei ^]7> ^j^c 27flS] ^«oJ- ^7l»* S^Jl, <3-^i 7|^ -S-oflA^ £ s tg^o}- ^7l#S) 
^>»»1 ?f«S z^- D }ol3SiE^ Ajs-E-o] i^^oj- ^.^i 7l = ^^o] ^o_s. 

z>oi ? as- ^^l7li-a] ^>i-4 ^^slfe sl)7W^ ^i^- sfl^-i- 6 l SflH.S ^1S5]J1 ^ n> 



UrAj ^^3). sjEife ^<H£ 37l]S] ^^oj- ^-^i 7l s.^. i^-s]-^., dVoIh.s.^e^ Al^s.ol ^o]s_ 2 7fl^ ^^<y- ^^7] 

2j<H£27l]^ oj- ^.^l7)s.ol o>!d tg^oj- ^7l!-C»l oj-^ 71^-^-oflAi Aj-^*). aj i 2 7fl ^ ^-^l7]-i-3f 

#7}^<L$. ^<^1 tcfl, -f-3]- Er-J a-c,,^ xg-Ajs)j7 ^Alofl -f-4 Cfl^ e^AiS] ^o] ZV^g^ f E^ * 
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«E] #A]±r 37flSl H<y- **l7l#; ^ *g^o]- ^7l» #ofl 3^5: 2 7fl^ ig^«J- ^7li-2l ^ 



Ti^^- O.S., ^E-) ^21 7-1 ^1*4. 

afloli Jii=. Hf|°li ^€ *#S1 ^ ZZ. 3^1 71 7l ^fl ^V*} ^ofl ^^^l ^-71)* 3)1 7) 

*l7> i^-Sj-Jl, Dfl7l^l2l Z| D>ola.S.>iH^ Z}-Z}°) JjL-g-^ V\]o}+ ^.^ tifl^SlJl, ^ 
E-l S-^ol Sfl?!^)^ 37 ]2] ftc) 7 fl7d* ^ Si7] ^gfl ^-g-21 ^-Tiol 3g_S. &q 

3H?l^l7V ^ ^ i^>7> ^#2l^r 71] lTfloji Jf 7fl ^ 7)1 1?])°]+ ^-*fl #<Hl *J#€ ^ ££3- €3 4:7}- 

» t^Rr *)1 27)1^1^ -¥-7111- S^-al, 4 D }c»l3£iS| 7fl l^o]^ 7)) tfl^-ofl ^Ajs) nfl a. ojc},^ 
#<gsRr 3M 71-^1-7)1 SH, S-A^oflA^ 7fl^^ 1^ 



•a^/*^ ¥ ^£ ti£t ^ ^21 2)Jf a>ohi ^a) ^9\- ^^Slfe 3^51 e>u)-2l 21-?- ^0)1 Cfl^H, Hi- 

^ ^3 i7>°l ^-1-0)17.-1^ cj-oj ^.^s. ajo^ §>ul-^ ^^1 ^>7> ^ ^Ei ^1-21 

71^21 ^OV^. X)^7}3L, £*V 1]-^ 7)^o!l- ^3j<Jl ^^S. go o ^ ^^t£S. tq) u,],,^ 

A)-ol nVol 3S ^E^ TH^fi-^- ^s^-tt « °J-»^1 ^ ?J^^i ^^-1-* ^-<a^ 

7f^^Cf. 



t> c fl-^ ol-fr >'l-^^i 

4# ^ ^ ^Ife cl-^tb ^1 ^ ^li A|e| ^1, ^-«1 ^ ^ #*1 

(57) -Jl-?^ 'I!*! 

1. 

# ^-71 <y-^l 7)^: ^°)1 ^^51^ ^2j ^7>^ ^ rt^Vl-i: S^jl, ^V 7 1 J^o] ^-o^ 

7>^" ^ ±7lf^ Afcfe) SlSoflA-l ^loj- ^7121- 3)^oJ- ^ 7 ]« ^^5)^ ^4 

#71 ^ ^E^ 4i^l-# ^-g-^fe 3f)7l^l (package)* S«-sl-Jl, 

#71 ^ ^E^ ^1-^ S>^= ^Bl (face down process) °)1 21*1-^ ^-^21 -f-§H ^-^ (bonding) 3 <H 

31)717.10)1 ^^-2lJl ; ZLS]JL 

#71 jfl7l^Hl ^Aj5)j7 AJ-7I Zjigoj. ^^) 7 ) A o V 7 ) ^^oV ^^1 7 1 ^j^c ^q.^ ^^5l^ D lol3£iE^ #3.2] 

°J c ^i C-l i^-SKr ^1* f^'^S ^ S^3r #^1. 

2. 
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fH3 13 ^ ^ ai J: ^^.sq- 3*1 ^ *m<4 ^^s]^ ^2] 2}Jf ^^-1-; -§- s^s}^ 3* ^ 

£.3. 3fe ^ «£| 

*ll 2* *fl -#7) °}<>lHSiE^ ^^.fe ^7] ^7l2] ^*1 

^>«4 ^^51^ 3flS2h Bfl7l^ -33.2} 3^3^ -#7l 2}^ 3 

3^ 5. 

*ll 2%H1 StM^I, 27fl^| 4>7l i^al, 

-#7) *$^<$ ^ 711-2) ^ *±7}^£ ^7} 7}^} ^<L£. ^#S]JI; ZLZ\JL 

-#7] B>ola^E^ A^i, AJ- 7 ] tg^oj ^^l7ll-Ol ^-S-0_5L ^-§-1- ^ Aj- 7 ] 3«7l^^ ^ £^ 

6. 

21M Si^H, 2 7l]2l ^-71 "31 <y- ^711-i- ifl-Sfca, 

^71 ¥«7l#*l ^V-i-s}- ^^Slfe ^-71 3fl7lxl^ ^S^U; ZI51 

Jl 

>^7l 4°laSiS^ #SL±= *S-7] 3fl = i4 ^7) 21-?- A>ol i^sqfe 5)^- ^ ^ 

^] ^1. 

7. 

*)1 2*8-41 5H<>H, 371121 ^-71 *$^<S ^7l#; ^ 

^71 <y-;*i 71^-ofl ^^51 Jl, ZLS]SL 2j<^£ 27fl2l ^^2j- ^^7ll-2l ^^1 ^^(--i-ol ^ = * S^sfjl, 

-S-71 A1 S ^ ^<^ £ 271121 ^^2J- ^#711-21 ^^1 #7}^ ^#Sl^ ^-71 ^ * AJ-7I ^ 

^7> ^#Sl^ -^71 21-?- ?m A}o}$) ^S-Ofl ^^51 Jl; ZL^SL 

^7} X^OjS, 27fl2l ^^oj- ^71-1- Ol^oj ^^oj- ^-^171^^-71 <y-^ 7]&2] ^0]S_ 2 7fl2l ^lo]- ^- ^ll-^ ^7l 
XCisL ^<g£)jl, ZtelJl A o V 7l ^^£271121 ^^21 -§-^711-21- A 0 T-7l $\ 7l ^1 # 21-?- ^ c>l <q ^ ^^.^ 
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^1 2*<M 9X°1*\. *H5L 37HS] #7l ^l<y- ^7l»^- i#*Vui, 

Aj-71 4^ 3fl = #^ #7l ^^17|1- ^oflAi 2 7flSl ^711-2] ^T.] #7}1-32|- %^S\±= ^ 

# 7^ Bfl^# i«-*>Jl, ae] Jl Aj- 7 | n>ol^ Si s^ Ajj=i. A o V 7 ] ^ xl^- aflc^ A^j ^ £ = ^^7^ ^^5]^ 
Sqjf £ = A>olo) Tj.g.oflAi 351.2 

#7) ^j<H£ 27fl2l ^ I"?]- ^7l# ol<^ ^7lfe #7) 4^T^ & = 5fl-l-^- i^-sVfe ^O] a^oDA^ Aj- 

71 27fl2l ^1<?}- ^71 -i;^ ^7l^^5. ^SU, #7) aJOJS. 2711S1 ^-^171*3^- %4-S\±; Bfl?l^l# S\ 

-¥- ^ 0 1^^1 21^- 3^34 ^71^1 AS ^#sl^ 3j-g- efe ^ a^al- ^Ei #*1. 

9. 

*fl ^fl^l 8*J- ^ <H2= «t Sl^H. #7l nfol^S.iH^ #7l Cfol «.zj-^. o]9)o] 21^H1A^ ^ 

31171^1 ^Hl «ll*l5]fe ^-g- S-Al Bl-A^ ^1 

^T 1 ^" 10. 

*11 1# ^*1 9*o V ^ <Hi^ *V #ofl StM^I, A^j 3fl7l^lfe #7l ^§ ^Ei ^A>7> ^#3^ *W i -S-H; #7l 

Hfloli Ji^o)l ^^5lfe ®# ^rt. ^ AV 7 ] ft A 0 V ^rto)] ^S)ol AJ-^ B,|4]Al7l^ % «-7fl; # i#§>Jl, 

#71 ^la^Bli ^15.21 ^.9. Y^-^ #7l «W ^ #71 71^ Jf 7)1 A>oloH afl^slfe ^-g- jg. s ,g 

3)- ^ #*1. 
^# 11. 

^fl*l Tfl 9 1g- ^ *£6\] olcHA-1, Aj-7] 3f)7l^lfe #71 i^S* ^E) i7}7} -^#£lfe 7fl lTflOli -f-Tfl; 

^ #71 7fl lTflOli « ^flofl ^#S1tt #71 s£t\ ±7.}^ 7% 2*}°}^ ^1, ♦ i#*VJl, 

#71 n>ol3. S ^E^ Als.0^ ^jj, Aj-7| 7fl iTflol^ «-7)| iflofl ^A^fe 5J^- 3-^515. ^ ^E-| 

^^-# 12. 

^1 ^fl^l ^1 11# ^ ^ #°fl SU^I, #71 ^#^^1^-1 Aj-7] A] ^ Al^ofl « Aj-7] 2tf.su 

s]^- 4°H^1 *W2i ^^i ^^ofl $)» tfl^H, #71 ^ ^Ei ^#2] <a#acf 

oflA|2l US- ^71-21- ZL21 al<>|J£ sJ-uJ-21 ^*1 ^Vfe, #7] ^ ^El ^7>2l -^-^1 7l^"2| -^^Jl, ZL 

B]JL #71 °1-^ 71*21- ^2]<?J 7>#-iio11 cfl^ go 0 J^Sl^S. ufl«Sl^ 7^^- S^S E^Aj ^ 

13. 

*fl ^^1 Tfl 12# ^ <Hi^ %H1 7l7M ^ ifl"^ ?}.§- ^S. §1-^ -f-A] Aj-Al. 
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